Abstract: Vanadium pentoxide is used as a catalyst and a ferrovanadium alloy ingredient in automotive steels and in jet engines and airframes. In addition, vanadium is found in fuel oils. Thus, occupational exposures to vanadium pentoxide and trioxide may occur during the cleaning of oil-fired ship boilers, and from oil-fired power station boilers. Occupational exposure to vanadium pentoxide induces green tongue, asthmatic symptoms and albuminuria with cast. Urinary citrate is freely filtered at the glomerulus, and its reabsorption in the proximal tubule is the major determinant of the rate of renal excretion. In this study, we exposed rat renal brush border membrane vesicles (BBMV) to vanadium pentoxide and examined their citrate uptake characteristics. The preincubation of BBMV with 1 mM V 2 O 5 for 8 hours significantly inhibited citrate uptake compared with that of BBMV without V 2 O 5 preincubation. These findings indicate that the preincubation of BBMV with vanadium pentoxide results in a time-dependent inhibition of citrate uptake by BBMV. These findings might contribute to nephrotoxicity in vanadium exposure.
Elemental vanadium is a first transition metal of periodic table group V. Valence states of +3, +4 and +5 are the most common. Vanadium pentoxide is a yellowish red powder which is sparingly soluble in water and used as a catalyst in the oxidation of sulfur dioxide, oxides of nitrogen and other substance 1) . In addition, vanadium is found in fuel oils at 250 to 400 ppm 2) . Thus, potentially hazardous expoures to vanadium pentoxide and trioxide may occur during the cleaning of oil-fired ship boilers, from oil refinery and oilfired electric power station boilers. Vanadium pentoxide and trioxide, known respiratory irritants 3, 4) , are found in varying proportions in fuel oil, thus in fuel oil ash 1) . Occcupational vanadium poisoning has been associated with its mining and milling 4) and from oil-fired boilers 2, 5) . Sjoberg 5) described cases of respiratory irritation, chronic bronchitis and the risk of emphysema among boiler cleaners. Lewis 6) noted a higher incidence of respiratory symptoms and found wheezing, rales, ronchi, and green tongue in vanadium exposed workers. According to Dutton 3) , albuminuria with cast and red cells in the sediment belong to the syndrome in vanadium poisoning. The kidneys revealed congestion due to continuous irritation and, at times, acute hemorrhagic nephritis. Wyers 1) , in one case, observed hyaline and granular cast.
Renal citrate excretion is important with regard to both the prevention of kidney stones and the acid-base balance. Citrate is freely filtered at the glomerulus, and its absorption by the transporters in the proximal tubule is the major determinant of rate 7) . In the present study, we exposed rat renal brush border membrane vesicles (BBMV) to vanadium pentoxide (V 2 O 5 ) and investigated the direct effect of vanadium exposure on the citrate uptake of the BBMV. Experiments were performed using male Wistar rats (CLEA, Japan, Inc.) weighing 350-420 g. Animals were maintained in a temperature-and photoperiod -controlled animal house with ad libitum access to a standard diet and tap water.
Each brush border membrane specimen was prepared from the cortex of both kidneys of a single rat. During preparation, all materials were maintained at 4°C. The brush border membrane specimens were isolated by differential centrifugation and magnesium precipitation technique 8, 9) . Briefly, each rat was anesthetized with chloral hydrate (360 mg/kg body wt) administered intraperitoneally. The renal cortices were removed and placed in isolation buffer consisting of 50 mM mannitol and 2 mM Tris-(hydroxymethyl)-aminomethane (Tris)/HCl at pH7.0. They were then homogenized in a glass Teflon homogenizer (Iuchi Co. Ltd., Japan) and a polytron homogenizer. A 1 M concentration of MgCl 2 was added to the resultant homogenate to give a final concentration of 10 mM. This mixture was stirred for 20 min in a cold room and then centrifuged for 15 min at 3,000 g. The supernatant was collected and centrifuged for 20 min at 43,000 g. The pellet containing the brush border membrane vesicles was resuspended in the isolation buffer and centrifuged for 15 min at 3,000 g. The supernatant was centrifuged for 20 min at 43,000 g. The pellet containing the purified brush border membrane vesicles (BBMV) was resuspended in 260 mM mannitol and 20 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES)/ Tris at pH 7.0.
The purity of the membrane preparations was assessed by evaluation of the enrichment of alkaline phosphatase (ALP) and leucine aminopeptidase (LAP) in the final preparation as compared with that of the original homogenate.
The protein determination was conducted by the method of Lowry et al. 10) using crystalline bovine serum albumin as the standard.
Uptake measurements were determined by the Millipore rapid membrane filtration technique 9) . For the experiment in which BBMV were preincubated with V 2 O 5 , membrane vesicles (10 µl) were preincubated at 30°C with 20 µl of preincubation solution consisting of 260 mM mannitol and 20 mM HEPES/Tris at pH 7.0 with or without V 2 O 5 for an appropriate interval. Citrate uptake was initiated by addition of 40 µl of uptake solution consisting of 100 µM 14 C-citrate, 130 mM NaCl and 20 mM HEPES/Tris, pH 7.0. After thirty seconds, the uptake was terminated by the addition of 4 ml of ice-cold solution consisting of 130 mM NaCl and 20 mM HEPES/Tris at pH 7.0. The solution was then rapidly filtered through a Millipore filter (DAWP02500; pore size: 0.65 µm) and washed twice with 4 ml of ice-cold stop solution under vacuum suction. The back ground uptake was determined similarly by adding 4 ml of ice-cold solution to 10 µl membrane vesicles before adding 40 µl of uptake solution at 4°C. The non-specific binding was always < 0.5% of the total counts in the uptake solution. Radioactivity associated with the filters was measured using a liquid scintillation counter (LSC-3500, Aloka, Japan). All uptake measurements were performed at 30°C in triplicate, and uptake was calculated on the basis of the specific activity measured in each experiment. The value of non-specific binding was subtracted from the experimental value, and the vesicular uptake was expressed as picomoles 14 C-citrate per mg protein.
Values are shown as means ± S.E. Student's t-test was used to analyze differences among the groups. Significance was accepted at p<0.05.
The purity of the BBMV preparations was assayed by determining the BBM-specific marker enzymes, ALP and LAP. The specific activities of the two enzymes in the BBM fraction were enriched to a 10-fold higher level than those in the original homogenate.
The effect of preincubation of BBMV with 0-2 mM V 2 O 5 for 1 hour (h) at 30°C is illustrated in Fig. 1 . The preincubation with 2 mM V 2 O 5 inhibited the citrate uptake compared with that with 0 mM V 2 O 5 , but not significantly. Figure 2 shows the time course of the inhibition of citrate uptake after preincubation with 1 mM V 2 O 5 . Following preincubation for 1, 2 and 4 h the citrate uptake by BBMV was decreased, but not significantly. Following 8 h preincubation, the citrate uptake was significantly decreased compared with that of the control.
Vanadium is widely used in the steel and chemical industries. Increasing mining and milling of vanadiumbearing ores and combustion of fossil fuels result in high levels of respirable vanadium particles/fumes in many work environments 11) . Most mammalian tissues, including liver and bone, contain traces of vanadium but the highest concentration is in the renal cortex 12, 13) . Vanadate potently inhibits Na + -K + -ATPase from a variety of tissues and species. Kidney tubules have the highest concentration of sodium pumps. Vanadate could be a modifier of the sodium pump, and thereby a regulator of sodium and water 13) . However, so far, there are a few reports of vanadium-induced occupational nephrotoxicity 1, 3) . There is no report with regard to vanadium effect on renal K SATO et al.
Industrial Health 2002, 40, 278-281 brush border membrane transport. Proximal tubular citrate reabsorption is mediated by an apical membrane Na-citrate cotransporter 7) . In this expriment, preincubation with 2 mM V 2 O 5 for 1 h inhibited the citrate uptake compared with that with 0 mM V 2 O 5 , but not significantly. However, if the preincubation time was prolonged to 8 h, the preincubation with 1 mM significantly inhibited the uptake compared with that with 0 mM (Fig. 2) . Following 8 h preincubation with 1 mM V 2 O 5 , the citrate uptake was significantly decreased compared with those with 0 mM V 2 O 5 . These findings indicate that the preincubation of BBMV with vanadium pentoxide results in a time-dependent inhibition of citrate uptake by BBMV, due to a direct interaction of vanadium with Na-citrate cotransporter.
The preincubation of BBMV with 5 mM of cisplatin for 4 and 8 hours significantly inhibited citrate uptake compared with that of the control BBMV 14) . The citrate uptake was also significantly inhibited in cisplatin-intoxicated rats at 1 min compared with that of control rats 15) . To further clarify the mechanism of renal disturbance induced by vanadium exposure, in vivo experiments in vanadium-intoxicated rats are needed. 
